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 A closed loop adaptive gender-based thermal control system (AG-TCS) is 
designed, modelled, analysed and tested. The system has the unique feature 
of adapting to the surrounding environment as a function of the number of 
humans present and the gender ratio. The operation of the system depends on 
a unique interface between a radio frequency identification (RFID) device 
and an imaging device, both of which are correlated and interfaced to a 
controller. Testing of the system resulted in smooth transition and shape 
conversion of the response curve, which proved its adaptability. Three 
mathematical equations describing the internal mechanisms of the AG-TCS 
are presented and have been proven to optimally reflect the original statistical 
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Human thermal comfort is becoming an important research topic in the field of medical engineering 
whereby researchers and engineers are expected to develop and provide a comfortable indoor environment 
with low energy consumption characteristics. Such requirements entail the provision of adaptable air 
conditioning systems able to detect, classify, and predict temperature changes in an enclosed environment. 
The intelligent system proposed should be able to cover parameters such as human heat body loss as a 
function of gender, height, weight, body width, thermal insulation, as well as environmental dimensions and 
types of construction [1]. 
Traditionally two main approaches have been considered for human body thermal comfort. The first 
approach is the classical steady state method developed by Fanger [2-3], based on a heat-balanced model of 
the human body, operating on the principle mean thermal sensation of a group of people which is described 
through a predicted mean vote (PMV) and the predicted percentage dissatisfied (PPD). The model considers 
variables such as clothing, indoor air temperature, indoor mean radian temperature, indoor air velocity, 
indoor air humidity, and body metabolism. The second approach has been presented by [4]. This approach 
implements an adaptive model which considers differential changes in an environment’s temperature due to 
people number change that causes this comfort and works to mend the gap and restore human body thermal 
comfort. Similar results were reported by the authors in [5]. The model is based on the assumption that 
humans are active entities hence they interact with the surrounding environment. 
Thermal comfort can be classified into three classes according to their PMV values under assumed 
local thermal comfort criterion. These classes either offer users a higher percentage of thermal comfort while 
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consuming more energy or compare spaces with greater thermal variation. It has been demonstrated that 
thermal comfort varies as a function of gender, with women in general more sensitive to cool and less 
sensitive to humidity than men. Men feel comfortable in a slightly cooler environment, whereas women 
prefer a warmer environment. Many authors have reported this, among them [6-10]. 
In a controlled environment, thermal comfort is certainly affected or modulated by the body heat 
balance which is a function of clothing and metabolic heat rate, with susceptibility to the air rate and 
humidity, which in turn affects the PMV and PPD coefficients [5, 10, 11]. In this paper, the comfort 
temperature for males and females are investigated with the presentation of adaptive air conditioning system 
operating under a mixed-mode strategy (naturally ventilated and/or air-conditioned) and one fully air-
conditioned strategy. Overall, the comfort temperature was found to be lower for females in comparison to 
males, which agrees with the published literature, regardless of the ethnic origins of the tested people and/or 
the country of origin [7, 12, 13]. The adaptive control system presented in this work covers thermal sensation 
and comfort under stable and transient conditions [14-18]. Such a proposed system can be applied in critical 
places such as hospitals and chemical plants 
Biometric recognition is a recognition technique that employs physical or behavioural 
characteristics of the human body to identify a person [19]. Biometric recognition techniques utilise the 
difference in body features for recognition. Image recognition is one of the more common biometric 
techniques used in many applications [20-24]. This method uses human image data to distinguish one person 
from another. Currently, a thermal image-based recognition system is proposed as an addition to a visible-
light recognition system. A block diagram of the proposed thermal image profiling system, which enables 





Figure 1. Thermal image system 
 
 
Temperature gender classification and control (TGCC) using image-based methods is an important 
subject, as gender is one of the biometric attributes of people, which can play an important role in advanced 
control systems. Previous research has concentrated on investigating how to infer gender from the facial 
image of a person with high precision [25, 26]. Recently, excellent work has been carried out in gender 
classification, specifically when the facial details of a person are not clearly visible. Moreover, under some 
circumstances facial gender specification might fail. 
With the recent advances in wireless sensing and communication technologies, wearable sensors and 
their recognition have become increasingly important, such sensors enabling continuous sensor monitoring, 
data collection, and analysis. Radio frequency identification (RFID) technology describes a system 
transmission mechanism to identity an object or a person wirelessly [27, 28]. The system consists of a tag, a 
reader, and RFID middleware [29]. Tags are placed on objects or with people, and are generally one of two 
types; namely ‘active’ tags (which require a power source) and passive tags (which react by capturing power 
from an incoming radio frequency) [30]. An RFID reading system acquires data stored in tags and passes that 
data to a database for additional processing. The middleware works on the RFID data and filters out 
incomplete or multiple reads from the same tags [31]. After filtering, post processing is carried out, which 
includes data normalisation, clustering, and cleaning, which results in useful information which can be used 
by the control system in the correlation and temperature control process. Figure 2 shows a gender-based 
RFID system, which can be connected to a thermal image profiling system for accurate recognition and 
uniform temperature distribution. 
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Figure 2. Gender-based RFID system 
 
 
2. RESEARCH METHOD 
By studying the behaviour of many kinds of sensors, it has been shown that the most suitable one 
for the proposed work is the LM35 temperature sensor [32], as shown in Figure 3. This sensor overcomes the 
non-linear effects that occur with some other sensors, simplifying the sensor input circuitry. Another benefit 
is that the output voltage is higher than other sensors (such as a thermistor) and therefore an amplifier is not 
necessary. 
The relationship between the output voltage and the measured temperature using an LM35 sensor 
has been tested in a biomedical instrumentation laboratory at Al-Ahliyya Amman University (AAU), to 
establish the sensor’s sensitivity. Two experiments were conducted; the first referring to the response of the 
LM35, and the second representing a mean skin temperature for 100 samples-a chosen sample of fifty 
healthy males and fifty healthy females from the medical engineering department at AAU, with an average 
age of 20-25 years, an average weight of 76.11 kg (males) and 57.92 kg (females), respectively, in the 
laboratory with an ambient temperature of 25 °C. The skin and core temperature, length, and weight were 
measured using the following tools: 
- Mercury thermometer: to measure the core temperature. 
- Scale for weight body: to measure the weight. 





Figure 3. Temperature sensor LM35 
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3. RESULTS AND DISCUSSIONS 
Figure 4 shows the average body temperature for tested males and females as a function of height. 
Height is taken as a representation of the change in the overall body radiation area as the candidates were 
selected with an average chest width of 50 cm [33]. Figure 5 shows the relationship between females and 





Figure 4. Effect of height with assumed chest width 
on average body temperature variation 
 
 
Figure 5. Relationship between females and males 
body temperature variation 
 
 
To allow the design of the AG-TCS, Figure 4 was used to enable a clearer understanding of the 
relationship between females’ and males’ temperatures as a function of variable height and an average chest 
width of 50 cm. This figure shows non-intersecting curves, of decreasing average body temperature as a 
function of height for both females and males, which indicates that the human body temperature variation 
tends to change in the same direction, but with different values. 
Figure 5 shows a clear relationship between a female’s body temperature and a male’s body 
temperature of the form described by (1). This function agrees with all medical and statistical data obtained 
in different research [34, 35]. Figure 6 shows the overall system designed for an adaptive temperature control 
system based on gender recognition. The system was designed and simulated based on the data obtained from 
Figures 4 and 5. This adaptive gender-based thermal control system (AG-TCS) consists of two main parts, 
the gender-based RFID system and the controller. 
The system can control the temperature of a bounded area, such as a room, by capturing and 
analysing images based on a gender detection process. Consequently, the gender-based RFID system 
provides a special signal to the controller, to be processed by it. Based on the signal provided by the gender-
based RFID system, the controller sends a correction signal to the air conditioning system to increase or 
decrease the air flow until a desired temperature is reached, that is comfortable for the number of people 
occupying the room. 
Based on the flowchart shown in Figure 6, an advanced PID control system was designed and 
implemented as shown in Figure 7. The controller consists of three subsystems, namely male, female and mix 
subsystems. In addition, the system uses a switch that processes the imagery signal, routing it to the desired 
subsystem within the controller. 
The gender-based RFID system identifies the gender of the people entering/exiting a room using a 
feature extraction system, while the thermal image system is used to provide profiling of the human body 
temperature by use of a thermal sensor to capture it. A correlator is used to establish the relationship between 
temperature and gender. A comparison is made between the correlator signal and the temperature set point to 
establish an error signal. 
The system operates under three conditions according to the error signal. Firstly, if only males exist 
in the room, then the male subsystem with its process transfer function in (1) is applied to control the air 
conditioning system. Secondly, if only females exist in the room, then the female subsystem with its process 
transfer function in (2) is applied. Thirdly, if females and males exist at the same time in the room then the 
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Figures 8 to 16 shows the results obtained from the designed controller shown in Figure 7 by 
applying different mixed percentages of males versus females. The results proved the relationship between 










Figure 7. Adaptive gender based thermal control system (AG-TCS) block diagram 
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Figure 8. Air conditioning temperature control  
(males 10%, females 90%) 
 
 
Figure 9. Air conditioning temperature control 





Figure 10. Air conditioning temperature control 
(males 30%, females 70%) 
 
 
Figure 11. Air conditioning temperature control 





Figure 12. Air conditioning temperature control 
(males 50%, females 50%) 
 
 
Figure 13. Air conditioning temperature control 





Figure 14. Air conditioning temperature control 
(males 70%, females 30%) 
 
 
Figure 15. Air conditioning temperature control 
(males 80%, females 20%) 
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A unique gender temperature relationship was deduced in this work. We managed to prove that each 
gender could have a specific function describing its characteristics. Each function represents the unique body 
dynamics in relation to its gender. The new concept of using an RFID and imaging device to recognise 
gender ratios such that the surrounding temperature could be adjusted was successfully applied. The designed 
and implemented gender-based air conditioning control system proved to be successful and can be further 
developed to account for other body parameters and to respond to various environmental dynamics. The 
presented adaptive system can be transformed into a smart adaptive system using algorithms such as neural 
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